Purpose: To investigate the intrafractional stability of the motion relationship between the diaphragm and tumor, as well as the feasibility of using diaphragm motion to estimate lung tumor motion. --
nique is an alternative method. Some studies have reported using fluoroscopic imaging for direct tumor tracking with template matching, optical flow or active shape model. [10] [11] [12] However, direct tumor tracking would be difficult for those low-contrast images. Previous studies have investigated the use of rotational cone beam projections for tumor tracking using template matching methods, 13, 14 however, it would be difficult to ensure template matching accuracy when diaphragm or tumor was blocked by spinal cord or contralateral diaphragm at certain projection angles. Anatomic landmarks such as the diaphragm could be a surrogate for lung tumor motion. [15] [16] [17] In this study, we hypothesized the geometrical position correla- 
| MATERIALS AND METHODS

2.A | Patient data
Twenty SBRT lung patients treated using three to five fractions were included in this IRB-approved retrospective study. Table 1 
2.D | Accuracy test of tumor position estimation
ROC analysis was performed to test the predictive power of the patient anatomical or model parameters on the tumor motion position estimation accuracy using only the information from pretreatment CBCT images. Investigated parameters included: the diaphragm motion excursion, the tumor motion excursion, the relative distance between diaphragm and tumor in SI direction, the slope and intercept of the linear intrafraction model, and the residual sum of squares (RSS). All these parameters were obtained from the pretreatment 4D-CBCT images and used to predict the tumor position estimation error evaluated on the posttreatment 4D-CBCT images.
In the situation in which the tumor per-phase estimate error was within 3 mm, the event was defined as a true positive. In contrast, error greater than 3 mm was defined as a true negative. False positives and false positives were defined as is logical. Sensitivity and specificity (also known as the true positive rate and true negative rate) represent the probabilities of using an investigated parameter to correctly identify patients with tumor position estimate error less than or larger than 3 mm. The area under the curve (AUC) was calculated using R package verification and the corresponding P-value was calculated based on
Mann-Whitney U test. The optimal cut-off for a given investigated parameter was determined by maximizing the Youden index (i.e., sensitivity + specificity − 1) using R package OptimalCutpoints.
| RESULTS
3.A | Tumor and diaphragm intrafraction variation
Tumor and diaphragm positions were measured and directly com- 
3.B | Tumor position estimation accuracy
Tumor position estimation accuracy using the linear intrafraction model is listed in Table 2 . For comparison purposes, we also investigated a distance model which assumed the per-phase tumor positions relative to the diaphragm on the pre and posttreatment 4D-CBCT images were unchanged. estimation error was greater than 3 mm for more than 25% of the phases when using the linear intrafraction model. For the other 18 patients, estimation error was greater than 3 mm for no more than 8% of phases.
3.C | ROC analysis
Results of the ROC analysis are listed in Table , the estimate error will be larger than 3 mm 98% of the time.
| DISCUSSION
Intrafractional variation in lung tumor position due to respiration and baseline shift/drift during dose delivery has been discussed previously in literature. [18] [19] [20] [21] From this study, the absolute differences in mean tumor position and excursion between pre and posttreatment images were found to be 1.51 ± 1.51 mm and 0.99 ± 0.98 mm, respectively. These values are in good agreement with a previous study. 20 indicates that the relative distance between tumor and diaphragm positions were less stable compared with their geometric correlation. Specifically, these metrics indicate whether the linear intrafraction model constructed prior to treatment can be reliably used for subsequent intrafraction motion management.
| CONCLUSION
Utilizing the relationship between diaphragm and tumor positions on the pretreatment 4D-CBCT image, intrafractional tumor positions can be estimated from intrafractional diaphragm positions. Furthermore, the estimation accuracy can be predicted using the RSS determined from the pretreatment 4D-CBCT image.
